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Monday, February 9, 2015 205aduring evolution and it causes variety of genetic changes in the modern human
genome. The role of human ORF1p (hORF1p) in LINE1 retrotransposition is
largely unknown, although it presumably involves its nucleic acid chaperone
activity and its ability to oligomerize on nucleic acids. To better understand
the molecular mechanism of hORF1p in LINE1-retrotransposition, we devel-
oped a novel method to characterize single-stranded DNA (ssDNA)-hORF1p
interactions using single molecule stretching with optical tweezers. Here we
examined the interactions of two hORF1p variants with ssDNA: hORF1-
111p, the modern wild type (wt) protein and hORF1-151p, a hybrid of modern
wt and a resuscitated ancestral hORF1p. Although the in vitro nucleic acid
chaperone activities are indistinguishable in the two variants, 151p is inactive
in an in vivo retrotransposition assay. We characterized three distinct binding
kinetics for 111p and 151p with ssDNA. A fast kinetic fraction characterized
by association and dissociation on a timescale of seconds, an intermediate frac-
tion with a timescale of greater than one minute, which characterizes dissoci-
ation of the protein after the stretching force on DNA is released and a slow
fraction with negligible dissociation on a timescale of tens of minutes. The
fast fractions of both variants are converted to intermediate and slow fractions
with time, consistent with protein oligomerization. However, oligomerization
of 151p occurs two orders of magnitude slower than 111p. This result could
explain the inactivity of 151p in retrotransposition and suggests that the oligo-
merization rate of ORF1p is important for retrotransposition.
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Nucleosomes play crucial roles in eukaryotic cells as they form the basic
compaction unit of DNA, and impact the accessibility of the DNA for transcrip-
tion and replication. How the assembly, stability, and disassembly of nucleo-
somes affect the interplay between compaction and accessibility forms a
question of key interest. Here we use freely-orbiting magnetic tweezers
(FOMT), which can measure in real time the changes in length and twist of
individually tethered DNAmolecules. We monitor how Nucleosome Assembly
Protein-1 (NAP1) loads either histone tetramers (an important intermediate in
dis/assembly or remodeling) or complete histone octamers onto DNA, thus
forming nucleosomes. Remarkably, tetrasomes are observed to exhibit a spon-
taneous flipping between DNA states with linking number DLk¼-0.73 and
DLk¼þ1.0, without concomitant changes in DNA end-to-end length. Such
behavior is absent in the case of nucleosomes. The statistics of tetrasome flip-
ping shows that the preferentially occupied left-handed state has a probability
p¼0.9. The difference in free energy between these two states is thus 2.3kBT.
We also demonstrate how controlled application of positive torque can drive
tetrasome occupancy from left-handed to right-handed states. To exclude
effects of the assembly protein NAP1, we repeated these experiments with tet-
rasomes assembled in the conventional way using salt dialysis. These results
show that the spontaneous fluctuations in the handedness of tetrasomes are
not NAP1 induced. Since we expect the H3-H3 interface to play an important
role in the handedness fluctuations, we also studied tetrasomes in which the
replication-coupled canonical histone H3 was replaced by the replication-
independent variant H3.3, which show very similar behavior. Our findings
thus reveal unexpected dynamical rearrangements of the nucleosomal structure
that suggest that chromatin can serve as a ‘twist reservoir’, offering a mecha-
nistic explanation for the regulation of DNA supercoiling in chromatin.
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Protein-DNA interactions are central to chromosome compaction, defining the
topology of chromatin, DNA repair, and gene regulation, and therefore control
all aspects of cellular function. It is therefore important to understand the fac-
tors that regulate the dynamics of protein-DNA interactions since these factors
will influence the dynamics of cellular processes. Previous single DNA studies
involving the major nucleoid-associated protein Fis have shown that it stably
binds 48.5 kb DNA in Fis-free buffer. However, protein in solution was found
to accelerate the off-rate of Fis in a concentration dependent manner via an un-
known mechanism. This effect has also recently been observed in a number of
other cases suggesting its generality. It is unknown whether facilitated dissoci-ation is an effect at the single binding site level or whether it involves protein
clustering and/or cooperativity. Using single molecule fluorescence micro-
scopy, we have measured the off-rate of Fis from 27bp dsDNAs, constituting
individual Fis binding sites, and have observed facilitated exchange demon-
strating an effect at the single binding site level. We have also found that the
salt dependence of the off-rate is dramatically reduced when protein is in solu-
tion. This observation provides strong support for a simple microscopic theory
that thermally excited, partial dissociation events lead to facilitated dissocia-
tion. In the absence of cooperativity, it is commonly assumed that finding the
ratio of the off-rate to the on-rate constant will produce the same dissociation
constant as finding the concentration of ligand for which half of the substrates
are bound by ligand. However, if the off-rate is a function of protein concentra-
tion, this equivalence no longer holds. If facilitated exchange is found to be a
general phenomenon, it will force a change in how we think about protein bind-
ing kinetics in biology.
1028-Plat
Protein-DNA Binding in the Absence of Consensus Binding Motif
Ariel Afek1, Joshua L. Schipper2, Raluca Gordaˆn2, David B. Lukatsky1.
1Department of Chemistry, Ben-Gurion University, Beer sheva, Israel,
2Department of Biostatistics and Bioinformatics, Duke University, Durham,
NC, USA.
Until now, it has been reasonably assumed that specific base-pair recognition is
the only mechanism controlling the specificity of transcription factor (TF)-
DNA binding. In our study we show that nonspecific DNA sequences possess-
ing certain repeat symmetries, when present outside of specific TF binding sites
(TFBSs), statistically control TF-DNA binding preferences. We used high-
throughput protein-DNA binding assays to measure the binding levels for
several human TFs to tens of thousands of short DNA sequences with varying
repeat symmetries. Based on statistical mechanics modeling, we identify a new
protein-DNA binding mechanism induced by DNA sequence symmetry in the
absence of consensus binding motif, and experimentally demonstrate that this
mechanism indeed highly affects protein-DNA binding preferences.
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Transcription factors and DNA-binding proteins bind their specific target
sequences with rates higher than allowed by 3D diffusion alone. Generally
accepted models predict a combination of free 3D diffusion and 1D sliding
along non-specific DNA [1]. One important issue in the field of protein-DNA
interaction is the understanding of how proteins interact with non-cognate
DNA sequences and how they find the sequence of interest along the DNA.
We developed a system that permits to detect protein-DNA interaction with
sub-ms temporal resolution and nanometer spatial precision [2]. Such precision
allows us to discriminate between short events (milliseconds), which are non-
specific, and long events (tens of seconds) considered to be highly specific, and
to determine the precise location along the DNA where they occur. We chose a
well-known example of gene expression regulation, based on the specific inter-
action of Lac repressor protein (LacI) with its target DNA sequence (operator).
We used a DNA molecule containing two copies of the O1 and one of the O3
operator placed at known distances and we obtained a map of the long interac-
tions along the DNA molecule, corresponding to the position of the two O1
operators. Short interactions were instead spread along the whole DNA mole-
cule but occurred with higher probability in correspondence of the operators
and in their proximity. Dissociation of both classes of interactions was highly
accelerated by an external load. Measurements performed in the presence of
IPTG, a mimic of the inducer allactose, resulted in increased dissociation
from the lac operators.
[1] Monico, C. et al., Int. J. Mol. Sci. 14, 3961-3992 (2013).
[2] Capitanio, M. et al., Nature Methods, 9, 1013-1019 (2012)
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In this work, we discuss the direct observation of transcription activator-like
effector (TALE) protein dynamics along DNA templates using single molecule
206a Monday, February 9, 2015techniques. TALE proteins are robust, programmable DNA-binding proteins,
often fused to a nuclease domain to generate the TALEN system, a leading
technology in genetic engineering. Recently, powerful methods for gene edit-
ing have been developed, including zinc finger nucleases, the CRISPR/Cas9
system, and TALENs. Despite great promise for treating human disease, how-
ever, we still lack a complete understanding of the mechanisms governing
TALE search dynamics and the role of off-target binding events threatening
to inhibit clinical implementation. Our work aims to develop a molecular-
level understanding of TALE binding and target sequence search, which will
facilitate the design of new and efficient TALEN systems. To this end we
have developed a single molecule assay to directly visualize the binding and
1-D search of TALE proteins along stretched, dual-tethered DNA templates.
We implemented an efficient method for specific labeling of TALE proteins us-
ing an aldehyde-based bioorthogonal labeling scheme relying on formylglycine
generating enzyme. Single molecule data on TALE search dynamics reveal a
previously unknown two-state ‘‘search and check’’ model, wherein periods
of rapid DNA search are interspersed with stationary local binding. This model
reconciles the ability for TALE proteins to locate their target sequence amongst
thousands of potential binding sites. We further generated a series of truncated
TALE variants and observed the dynamics of these proteins at the single mole-
cule level. In this way, we are able to identify each subdomain’s role in
sequence search, thereby further advancing the understanding of TALE search.
Overall, our work provides a ‘first-of-its-kind’ view of the 1-D diffusion of
TALE proteins on DNA, which will be critically important for engineering
improved TALE proteins for precise genomic editing.
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CRISPR-Cas systems provide adaptive immunity against invading genetic ele-
ments such as phages and plasmids by degrading the invader DNA. In type I
CRISPR-Cas systems the intrinsic RNA component of the Cascade effector
complex recognizes a complementary DNA target strand (protospacer) through
base pairing while displacing the non-target strand of the duplex. The resulting
RNA-DNA hybrid is called R-loop. R-loop establishment recruits the helicase-
nuclease Cas3, which subsequently degrades the target DNA. Here we use
single-molecule DNA supercoiling experiments to investigate the recognition
and verification of the target sequence by Cascade. To this end we carefully
explore the effect of mutations across the target. We observe the occurrence
of intermediate R-loops which lengths correspond exactly to the distance of
the mutation from the start of the target sequence. These intermediate R-loops
are unstable and their stability directly correlates with their length. When point
mutations are eventually overcome, a full R-loop forms and becomes ‘‘locked’’
through conformational changes of the Cascade complex. These observations
provide direct evidence for a directional R-loop formation and suggest a dy-
namic target scanning by Cascade, mediated through R-loop intermediates.
Early encountered mutations challenge R-loop propagation and cause its
collapse while distal mutations enable more stable and longer lived R-loops
to overcome them. The target validation takes place exclusively at the end of
the sequence when full R-loop formation induces conformational changes
that initiate DNA degradation. Such a dynamic and directional R-loop propa-
gation scheme offers several advantages for suitable homologous target recog-
nition: (i) the complex spends little time on wrong targets that from the
beginning on carry mismatches; (ii) however it supports that point mutations
can be tolerated thus precluding invading DNA to escape degradation through
protospacer mutations.
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The cohesin complex plays a crucial role in accurate chromosome segrega-
tion, organization of interphase chromatin, DNA replication, and post replica-
tive DNA repair in part by promoting DNA-DNA pairing. The core cohesin
subunits consist of a tripartite ring and the fourth core subunit Scc3/SA. Insomatic vertebrate cells, SA can be either SA1 or SA2. Recent work indicates
that while SA2 is important for cohesion at the centromere, SA1 plays a spe-
cific role in sister telomere association. In addition, SA1 directly interacts with
shelterin subunits TRF1 and TIN2. While these results demonstrate a unique
sister telomere cohesion process depending on the SA1-TRF1 complex, the
underlying mechanism is still poorly understood. We applied Atomic Force
Microscopy (AFM) and Total Internal Reflection Fluorescence Microscopy
(TIRFM) to study the interactions between SA1 or SA1/TRF1 complex and
various DNA substrates with or without telomeric sequences. DNA tightrope
assays were performed and proteins were visualized by conjugating quantum
dots. The data demonstrated that 1) SA1 carried out 1-dimensional diffusion
on DNA substrate for searching telomeric DNA sequence; 2) SA1 paused at
telomeric DNA sequence, while SA2 did not. Interestingly, the AFM data
showed that SA1 further stabilized TRF1 mediated DNA-DNA pairing.
These data shed more lights on the process of sister telomere association
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Nanowire electrodes that can measure and manipulate the electrical potential
across the cell membrane offer an attractive alternative to conventional intra-
cellular electrodes based on sharp glass pipettes. Unlike glass pipettes, nano-
wire electrodes can be fabricated over large areas providing a route toward
scalable high-throughput electrophysiology that will open to the door to elec-
trophysiological phenotyping and electrophysiology-based cell sorting. To
realize the potential of this high-throughput nanowire-based electrophysiology
we have developed a suite of integrated microfluidic devices that feature
nanowire electrodes that can manipulate and measure the membrane potential
as part of a larger lab-on-a-chip concept. With these integrated electrophysi-
ology chips we can rapidly measure and sort cells based on the kinetics of
ion channels or the kinetics of voltage sensitive proteins. With this rapid
method to quantify the time response of ion channels and proteins we can
rapidly screen mutant variants and perform functional cell sorting of primary
tissue. In addition to these single measurements we show that integrated
nanowire devices can, for the first time, perform electrophysiology in intact
whole organisms like the nematode C. elegans. The high-throughput capa-
bility of our nanowire electrophysiology device allows us to identify mutant
strains that show differences in firing rates and action potential waveforms.
Overall, by integrating microfluidics with nanowire electrophysiology we
believe electrophysiology will stand beside gene sequencing and fluorescence
imaging as a complementary high-throughput assay for single cells and whole
organisms.
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The action potential (AP) is the basic mechanism by which information is trans-
mitted along neuronal axons. Although the excitable nature of axons is under-
stood to be primarily electrical, many experimental studies have shown that
a mechanical displacement of the axonal membrane co-propagates with the
well-characterized electrical signal. While the experimental evidence for co-
propagating mechanical waves is diverse and compelling, there is no theoretical
consensus either for their physical basis or interdependence with the electrical
signal. We present a model in which these mechanical displacements arise from
the driving of mechanical surface waves, which we term Action Waves (AWs),
in which potential energy is stored in elastic deformations of the neuronal mem-
brane and cytoskeleton while kinetic energy is stored in the movement of the
axoplasmic fluid. In our model these surface waves are driven by the traveling
wave of electrical depolarization that characterizes the AP, altering the
compressive electrostatic forces across the membrane as it passes. Our model
allows us to predict, in terms of elastic constants, axon radius and axoplasmic
density and viscosity, the shape of the AW that should accompany any traveling
wave of voltage, including the AP predicted by the Hodgkin and Huxley (HH)
